OBJECTIVE: To identify risk factors for atrial fibrillation (AF) following lobectomy for a pulmonary malignant tumour.
INTRODUCTION
Postoperative atrial fibrillation (AF) is a common complication after thoracic surgery, and it is associated with increased complications and prolonged hospital stay [1, 2] . Several factors have been identified as predictors of postoperative AF, such as interleukin-2 [3] , plasma transforming growth factor beta1 [4] , preoperative sCD40L [5] and left atrial volume index [6] . In addition, B-type natriuretic peptide (BNP) has recently been investigated as a predictive marker of postoperative AF after cardiac surgery [7] , and it has been applied in diagnosing congestive heart failure and predicting the prognosis [8] . It has been reported that an increased preoperative BNP level may predict postoperative AF in patients following pulmonary resection; however, little is known about the characteristics of plasma levels of BNP in patients undergoing a lobectomy for a pulmonary malignant tumour [9] . The aim of this study was to identify risk factors for predicting postoperative AF following a lobectomy for a pulmonary malignant tumour.
PATIENTS AND METHODS

Patients
This retrospective study was performed from February 2005 to September 2010. Our institutional review board approved this retrospective study and waived the requirement for informed consent. Two hundred and fifteen patients with pulmonary malignant tumours underwent pulmonary lobectomy at Hokkaido University Hospital in Japan. The exclusion criteria were preoperative rhythm other than normal sinus rhythm, current use of anti-arrhythmic drugs, pneumonectomy, history of pulmonary resection, recent angina pectoris or myocardial infarction (<1 month); 29 patients were excluded. Thus, 186 patients were finally analysed for the study. All patients underwent testing by blood gas analysis, 12-lead electrocardiogram, spirometry, physical examination and plasma concentration of BNP. The endpoint of the study was the development of postoperative AF.
Measurement of plasma BNP levels
The levels of BNP were determined before surgery. Venous blood (2 ml) was obtained from each patient and transferred to tubes containing ethylene diamine tetra-acetic acid for the measurements. Plasma concentrations of BNP were measured using a chemiluminescent immunoassay kit (ARCHITECT i BNP; Shionogi Co. Ltd., Osaka, Japan) and an immunoassay system (ARCHITECT i; Abbott Co., Inc., Osaka, Japan). The minimum quantity of BNP detectable with this system is 5.8 pg/ml.
Postoperative atrial fibrillation
In the 1-day period after surgery, continuous electrocardiography (ECG) monitoring was performed for all patients to detect postoperative AF; from postoperative day 2 onwards, additional ECG examinations were performed when an irregular pulse was recognized by a physician or the nursing staff, or when patients reported having palpitations. AF was defined as an irregular rhythm with absent P-waves confirmed by 12-lead ECG.
Statistical analysis
Data are reported as actual numbers or as mean ± standard deviation (SD). All data were analysed using the Statflex version 6.0 software (Artech Co. Ltd., Osaka, Japan). The comparison of all parameters was analysed by univariate analysis. Two groups were compared using the Mann-Whitney U-test, χ 2 test or Fisher's exact test for categorical variables. Fisher's exact test was applied if the number of observations per cell was less than five. Logistic regression analyses were used to explore risk factors for postoperative AF. Receiver-operating characteristic (ROC) curves were constructed to determine the optimal sensitivity and specificity. Probability values of <0.05 were considered significant.
RESULTS
Preoperative BNP levels in patients with and those without postoperative AF are shown in Fig. 1 . Patients with postoperative AF had significantly higher preoperative BNP levels compared with those without AF (57.4 ± 43.8 vs 41.4 ± 51.0 pg/ml; P < 0.05).
The clinical and surgical characteristics of patients with and those without postoperative AF are summarized in Table 1 . Postoperative AF was identified in 20 (10.8%) of 186 patients. All episodes required anti-arrhythmic treatment for their termination. There was no operative mortality. There was a significant difference (P < 0.05) in the incidence of postoperative AF between the male group (17 of 118 = 14.4%) and the female group (3 of 68 = 4.4%). In a comparison of the operative approach between the two groups, patients in the thoracotomy group revealed a higher incidence of postoperative AF than those in the video-assisted thoracic surgery (VATS) group (P < 0.05). When the data were analysed with respect to the position of the operation, patients who underwent a left lobectomy more frequently developed postoperative AF than those who underwent a right lobectomy (P < 0.05). In contrast, there were no statistical differences between patients with and those without postoperative AF with respect to age, type of procedure, combined resection, operating time, intraoperative blood loss, transfusion, resected subsegment number, pathology and stage.
In the multivariable analysis, adjusted for sex, position of operation, preoperative BNP level and operative approach, a left lobectomy was an important predictor of postoperative AF (P < 0.05).
The area under the ROC curve for preoperative BNP level to predict postoperative AF following a left lobectomy for a pulmonary malignant tumour was 0.82 (95% confidence interval 0.70-0.93; P < 0.05; Fig. 2 ). The BNP level of 24.1 pg/ml revealed a sensitivity of 90.9%, a specificity of 56%, a positive predictive value of 31.25% and a negative predictive value of 96.55% for predicting postoperative AF following a left lobectomy. Univariate and multivariate analyses (Table 2) revealed that a left lobectomy was the most significant predictor of postoperative AF. Positive and negative predictive values of left lobectomy were 18.0 and 92.8%, respectively.
DISCUSSION
The present results indicated that patients with higher preoperative BNP levels more frequently developed AF after a lobectomy compared with patients with normal preoperative levels of BNP. It was more obvious in patients who underwent a left lobectomy.
Preoperative BNP level has recently been investigated as a predictive marker of postoperative AF after cardiac surgery [7] and non-cardiac thoracic surgery [9, 10] . Several studies [10] [11] [12] have reported the association between postoperative AF and the occurrence of pneumonectomy as the influence of BNP in circulation. To exclude the major influence of surgery itself, our study was limited to patients undergoing lobectomy which could also reduce the bias caused by segmentectomy and wedge resection.
Some reports [10, 13] concluded that being male was a predictor of postoperative AF; male patients in the present study had a significantly higher incidence of postoperative AF (P < 0.05).
Some studies [13] [14] [15] identified higher age as a predictor of postoperative AF. Although there was a higher mean age among patients with postoperative AF than among those without AF in the present study, it showed no significance in statistical analysis. This outcome might be attributed to the selective criteria of the patients; for example, some patients with higher age might have been excluded due to their poor pulmonary function.
Regarding the influence of postoperative AF caused by operative approach, Villamizar et al. [16] and Park et al. [17] had completely different conclusions. Our outcomes supported that there was a higher incidence of postoperative AF in patients undergoing a thoracotomy lobectomy than in those undergoing VATS lobectomy.
Little is known about how the position of the operation influences the incidence of postoperative AF. The outcome of the present study revealed that the patients who underwent a left lobectomy had a higher incidence of postoperative AF than those who underwent a right lobectomy (P < 0.05) and BNP was a predictor of postoperative AF in patients who underwent a left lobectomy. It may be argued that the high volume of the left upper lobe is the reason for the high incidence of AF after a left pulmonary lobectomy. However, we found that there was no relationship between the incidence of postoperative AF and the resected pulmonary volume by the analysis of the number of subsegments resected. It was shown that vagal stimulation facilitates the initiation and maintenance of AF [18, 19] . Additionally, vagal cardiac branches are cut when the superior mediastinal lymph node resections are performed, so it could be regarded as the more likely reason for the high incidence of AF after a left pulmonary lobectomy. Several studies have reported the relationship between elevated BNP level and both left ventricular systolic [20] and diastolic [21, 22] dysfunction. Moreover, BNP elevation seems to be due to right ventricular overload [23] . The function and structural alterations act in concert to facilitate both the initiation and perpetuation of AF [24] .
Due to the regulatory and modulatory activities of BNP in the cardiovascular system, elevated plasma levels of BNP have been used as a diagnostic and prognostic factor in various cardiovascular diseases. It has also been reported that plasma BNP levels were associated with left atrial volume [25] , which may influence the development of postoperative AF.
There are several limitations to this study. First, it was a singleinstitution retrospective clinical study with only 20 AF events, so it is premature to generalize the results. BNP might become an independent risk factor with a larger number of patients. Secondly, it is possible that some patients may have had very transient episodes of AF that were not documented by ECG or mentioned in the chart. These episodes would not have had any clinical significance. In addition, echocardiographic examinations were not performed when AF was discovered, so the specific reasons for the incidence of postoperative AF remain unexplained. Finally, other factors not accounted for in this analysis, such as thyroid function and plasma concentrations of potassium and magnesium, may have affected the probability of postoperative AF.
CONCLUSIONS
Although there were several reports about the predictive value of preoperative plasma BNP levels for detecting patients at higher risk of AF after pulmonary resection, in our study, a left lobectomy is the only independent risk factor for postoperative AF. It would be worth considering preventive medications or closer observation for AF when a patient with high preoperative serum BNP undergoes a left lobectomy.
